
Eur pilschas Pat»ntamt 
European Patent Offfica 
Offlca auropten d a bravats 




(^^) Publication number : 0 437 376 A2 



(g) Application number: 91300207.7 
@ Date of filing : 11.01.91 



EUROPEAN PATENT APPUCATiON 

® InL Cl.»: G03F 1/14 



@ Priority : 1Z01.90 JP 5606/90 
20.03.90 JP 69979m 
02.05.90 JP 116464/90 



@ Date of publication of application : 
17.07.91 Bulletin 91/29 



@ Designated Contracting Statea : 
DE FR 6B 



(71) Applicant : SONY CORPORATION 

7*35 Kltaahlnagawa 6-Chome Shlnagawa-ku 
Tokyo 141 (JP) 



@ Inventor : Shlmlsu, Hideo, c/o Patenta DIviaion 
Sony Corp. 
6-7-35 Kitaahinagawa 
Shinagawa-ku, Tokyo 141 (JP) 
Inventor : Kawahira, HIroichi, c/o Patenta 
DIviaion Sony Corp 
6-7«35 Kltaahlnagawa 
Shlnagawa-ku, Tokyo 141 (JP) 

(g) Repreaentative : Pilch, Adam John Michael at 
al 

c/o D. Young & Co. 10 Staple Inn 
London WC1V 7R0 (GB) 



@ Phaae ahMUng maaka and methoda of manufacture. 

@ A phaae shifting mask comprises a transparent regk>n (20) which ia transparent to exposure light and 
a light shiekjing region (10) for shielding the exposure light The transparent regton (20) has a light 
transmitting segment (12) for dvecfly transmitting the exposure light therethrough and a phase shifting 
segment (11 ; 11a, lib) for transmniing the exposure light therethrough with a phase difference from 
the light passed through the transmitung segment (12). In this structure, the light shielding region (10) is 
formed adjacent at least the phase shifting segment (11 ; 11a 11b) or the light transmitting segment (12), 
and the phase shilling segment and the light transmitting segment are formed adjacent each other. 

A metfiod of manufacturing sucn a phase shifting mask comprises the steps of : forming a light 
shielding layer on a suoso-ate . forming a photoresist on the light shielding layer ; patterning th 
photoresist to form a resat panecn . providing an opening in the light shielding layer by the use of the 
resist pattern as a mask, thereoy forming a light shielding pattern ; etching the substrate anisotropically 
to form a phase shifting segment (11 . na. 11b) ; side etching the tight shielding pattern to form a light 
shielding region (10) ; and removing the resist pattern. 
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PHASE SHIFTING MASKS AND METHODS OF MANUFACTURE 



This inv ntion r lates to phas shifting masks 
and to nnethods of manufacturing such masks, which 
can t>e used in the fonmation of a variety of patterns, 
such as resist patterns in the process of manufactur- 5 
ing semiconductor devices. 

In semiconductor and similar devices, the proces- 
sing dimensions tend to t)ecome increasingly smaller. 
In the technology of photolithography enjoyed for 
manufacture of such miniaturised semiconductor io 
devices, there is known, as a means for farther 
enhancing the resolution, a phase shifting technique 
which causes a phase dtfTerence in the light transmit- 
ted through a mask and theret)y improves the light in- 
tensity preflle. 15 

This phase shifting method is disclosed, for 
example, in Japanese Patent Laid-open No. She 58 
(1983)-173744 ; in Mare D. Levenaon et al^ "Improv- 
ing Resolution in Photolithography with a Phase Shift- 
ing Mask". IEEE Transactions on Electron Devices. 20 
Vol. ED-29. No. 12. December 1982, pp. 1828-1836; 
and in Marc D. Levenaon et al.. The Phase Shifting 
Mask II : Imaging Simulations and Sutwn i crometer 
Resist Exposures*. Transactk>ns on Electron 
Devices. Vd. ED-31 . No. 6. June 1 984. pp. 753 - 763. 25 

The prevkxisly-proposed phase shiftirig method 
will now t» descril>ed with reference to Rguies 1(a) 
and 1(b) of the accompanying drawings. In an exem- 
plary case of fomfting a line-and-space pattem, as 
shown in Figure 1 (a), a light shielding regkm 10 is for- 30 
med by the use of a light shielding material such as 
chromium on a transparent substrata 1 of quartz or the 
like, and an arrangenrwnt of repeated line-and-space 
pattams is formed to produce an exposure mask. The 
intensity distributton of the light transmitted through 35 
such an exposure mask is represented by a curve Al 
in Figure 1(a). wherein the intensity is zero at the light 
shielding regions 10 while the light is transmitted 
through the other regions (light transmitting segments 
12a. 12b) to provide constant light intensity levels. 4o 
Viewing one tight transmitting segment 12a as an 
example, the intensity of the light transmitted theret- 
hrough and irradiated on a work member to be exp- 
osed is distributed as represented by a curve A2 in 
Figure 1 (a), wherein hSMike maxima have flatter reg- 45 
ions on either side due to the diffraction of the light. 
The light passing through the light transmitting seg- 
ment 12b is represented by a one-dot diained line 
which is similar to. but dimensionally displaced from, 
the curve A2. When the light patterns provkJed by 50 
means of the individual transmitting segments 12a. 
1 2b are combined, the light intensity distributk>n toses 
ite sharpness as indicated by a curve A3, conse- 
quently blurring the image due to diffractton of th 
light and hence faiing to provide a sharp exposurs. 55 
In contrast therewith, if phase shifting fOms are pro- 



vided on the light transmitting segmente of the 
rspeated patterns altCHnately as shown in Figure 1(b), 
any t>lur of the image resulting from drffractk>n of the 
light is eliminated by inversk>n of the phase resulting 
in a sharp image and ttiereby improving the resolutton 
and the focusing performance. More particularly, 
when a phase shifting fim 11a is fonned on the light 
transmitting segment 12a as shown in Figure 1(b) in 
such a manner as to cause a phase shift of 180* for 
example, the light passed through the phase shifbng 
film 1 la is inverted, as represented by a curve B1. The 
light obteined through the adjacent light transmitting 
segment 12a does not paaa through a phase shifting 
film so that there is no such phase inversk>n. Theref- 
ore, on the work memt>er to t>e exposed, the nuitually 
phase-inverted light beanrrs cancel each other at a 
position B2 conesponding to the flatter regions of th 
light intensity distritMJtion, whereby the distribution <^ 
the light iradtated on the work member is sharpened, 
as represented by a curve 63 in Figure 1(b). 

In the example mentioned above, the greatest 
advantege is atteinable by causing a 180^ phase 
inversion. However, in order to realise such a satisfac- 
tory result it Is necMsaiy for the phase shifting fim . 
1 la to have a thickness d = X/2(n-1 ) (where n denotes , 
the refradh^ Index of the phase shifting film, and X 
denotes the wavelength of the exposure light). 

In the process of forming a pattem by exposur . 
a memt>er used fbr reduced-size projection may be 
termed a mtide, and a memk>er for actual-size projec* 
tion may then be termed a mask ; altematryeiy am nv 
ber corresponding to an original sheet may be termed 
a reticle, and a memt>er obteined by duplScatlng such 
a reticle may then t>e termed a mask. In the present 
description, any one of the masks and reticles clas- 
sified by such various definitions is generally tenmed 
a mask. \ 

Although the at)ove technique utilising the pre- 
viously-proposed phase shifting mask is very effec- 
th^ for forming an arrangement of repeated patterns 
" such as the line-and-space patterns shown In Figure 
1(b). there still existe a probleni that such a mask is 
not readiy usable in forming isolated patterns which 
are not repetitive. 

As descrit>ed at>ove. the phase shlftinq technique 
causes a phase difference between ^he lisht beams 
for exposure of mutually adjacent patterns, and util- 
ises the effect that the reap ctiv overiapptng light 
intensities cancel each other. However, since mutu- 
ally proxinrate light1>eams are n t present tfi the case 
of forming an isolated line or a contact hole^lhe above 
phase shifting technk^ue is not directly applicable. 

It has therefore t>een necessary In sgch cases, as 
aiustrated in Figures 2(a) and 2(b). for a ti^ht transmit- 
ting region 12 for transmitting exposure ISght theret- 
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hrough without causing any phase shift (phase shift 
0**) to b provided in conformity with a desired pattern 
to be fonmed, and a phase shifting region 1 1 for caus- 
ing a phase shift of exposure light (such as a phase 
shift of 1 80*) to be provided in the proximity of the light 
transmitting region 12. (T erasawa et al.. Second Draft 
for Lecture in 49th Applied Physics Society Meeting. 
Autumn 1988. p. 497. 4a-K-7). 

In such an arrangement, a main space is required 
for constituting a pattem-fomfiing light transmitting 
segment 12 within a light shielding region 10. and 
further a sut>-space is also required for constituting 
the phase shifting segments 11. The phase shifting 
segments 1 1 are formed along the two sides of and 
in the proximity of a rectangularly extending light 
transmitting region 12 which is a main space in the 
mask of Figure 2(a) for forming an isolated line pat-^ 
tem ; alternatively the segments 11 are formed alongi' 
and in the proximity of four sides of a square light' 
transmitting region 12 in the mask of Figure 2(b) fbr 
fonming a hole pattern. 

In the prevtousiy-proposed arrangements of Rg- 
ures 2(a) and 2(b). the light transmitting segment 12^ 
and the phase shifting segjmnt 1 1 need to be spaced 
apart from each othW^inn an Fra^^ 
therebetween wnicafiM^»^ 
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a relatively iarge area f(y/p^^ 

Furthermore, the" pK»e shiftirig segme^^^^ 
needs to have certain dintenskms since the effect 
thereof is diminished in accordance with a dimen- 
sional decrease. As a result, there arises another, 
problem in that the pattern of the phase shifting seg- 
ment 11 is itself transferred. Figure 3 ilustrates an. 
exemplary case in whk:h an isolated space 7 is for- , 
med by using the mask of Figure 2(a). As shown with 
some exaggeration In Figure 3. ft is unavoidable that 
patterns 71 derived directiy from the phase shifting 
segments 1 1 are also formed. 

According to a first aspect of the present invention 
there is provided a phase shifting mask comprising, 
on a substrate, a transparent region which is transpa- 
rent to exposure light and a light shielding region for 
shielding the exposure tight, said transparent region 
having a light transmitting segment for directiy trans- 
mitting the exposure light therethrough and a phase 
shifting segment for transmitting the exposure light 
tiierethrough with a phase difference from the light 
transmitted through said light transmitting segment, 

characterised in that said light shielding region is 
formed adjacent at least said phase shifting segment 
or said light transmitting segnrtent. and saki phase 
shifting segm nt and sakl light transmitting segment 
are formed adjacent ach other. 

According to a second aspect of the present 
Invention there Is provkJ d a method of manufacturing 
a phas shifting mask, the method comprising th 



steps of : 

forming a light shielding layer n a substrate ; 
forming a photoresist on said light shielding 

layer; 

patterning said photoresist to form a resist pat- 
tern ; 

forming an opening in said light shielding layer 
by the use of said resist pattern as a niask, thereby 
forming a light shielding pattern ; 

etching said substrate anisotropically to form a 
phase shifting segment ; 

side etching said light shielding pattern to forni 
a light shielding regton ; and 

removing said resist pattern. 
According to a ttiM aspect of ttie present inven- 
tion there is provided a method of manufacturing a 
phase shifting mask, the method comprising the steps 
of: 

fonming a light shielding layer on a substrate : 
fomning. a photoresist on said light shielding 

layer; 

patterning saM photoresist to form a resist pat- 
tern ; , . , _^.g.: ^^-r* 

..^^reinovlng s^ fBslj^ patterTi ; and.. »^ 
30 etching saM light shielding pattern isotropically to 
form a light shielding region. 

According to a fourth aspect of the present Inven- 
tion ttiere is provMed a method of manufacturing a 
phase shifting mask, the mettiod comprising ttie steps 
35 of: 

fonmkig a light shieMing layer on a substrate ; 
forming a photoresist on sakl Tight shiefding 

layer; 

patterning sakj photoresist to fonm a resist pat- 

40 tern ; 

forming an opening in said light shielding layer by the 
use of saM resist pattern as a mask, thereby forming 
a light shielding pattem ; 

skle etching said light shielding pattem to form 
45 a light shielding regton ; 

depositing a phase shifting material in said 
opening by the use of sakl resist pattem as a mask ; 
• and 

removing said resist pattem together witii 
50 phase shifting material ttiereon to form a phase shift- 
ing segment in sakj pening. 

According Jto a fifth aspect of the pres nt inven- 
tion ttiere is provMed a method of manufacturing a 
phase shifting mask, th mettiod comprising th steps 
55 Of: 

fomning a light shieMIng layer on a substrate ; 
fdrming a ph toreslst on said light shielding 

layer ; 
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patterning said photoresist to form a first resist 
pattern ; 

forming an opening in said light shi Iding layer 
by the use of said first resist pattern as a mask, 
thereby fomiing a light shielding pattern ; 5 

removing said firet resist pattem ; 

forming a photoresist on said light shielding 
pattem and said opening ; 

rentoving said photoresist partially from said 
opening thereby forming a second resist pattem ; to 

anisotropicaiiy etching said substrate in a par- 
tial area of S3id opening thereby forming a phase shift- 
Ing region : and 

removing said second resist pattern. 
According to a sbcth aspect of the present inven- is 
tion there is provided a method of manufeduring a 
phase shifting maslc, the method comprising the steps 
of: 

fomiing a light shielding layer on a substrate ; 
fomiing a photoresist on said light shieiding 20 

layer; 

patteming said photoresist to fonm a firet resist 
pattam ; 

- forming an opening in said light shielding layer 
by the use of said first resist pattem ia8<a:niasic; 25 
thereby fomning a light shielding pattBrni^ u. .r.itM^ k 
o^* removing said first resist pattem ntstin 

fomfiing a layerofavphaae shifting jnatarial^m 
^sald light shielding pattem and said opening? 'fi*^* ''^ - • * 

fomning a photoresist on said layer of the phase 30 
shifting material ; 

removing said photoresist in such a manner as 
to leave a second opening which is positioned over 
and is narrower than the first-mentioned opening, 
thereby forming a second resist pattem ; 35 

anisotropicaiiy etching said layer of the phase 
shifting material by the use of said second resist pat- 
tem as a maslc, thereby forming a phase shifting reg- 
ion ; and 

removing said second resist pattem. 40 
According to a seventh aspect of the present 
invention ttiere is provided a method of manufacturing 
a phase shifting maslc. the method comprising the 
steps of : 

forming a light shielding layer on a substrate ; 4S 
forming a photoresist on said light shielding 

layer; 

patteming said photoresist to form a first resist 
pattem ; 

forming an opening in said light shielding layer 50 
by the use of said first resist pattem as a maslc, 
thereby forming a light shielding pattem ; 

removing said firet resist pattem ; 

forming a photoresist on said light shielding 
pattem and said opening ; 55 

removing said photoresist partially from said 
opening thereby forming a second resist pattem ; 

depositing a phase shifting material in said 



opening partially by the us of said second resist pat- 
t m as a maslc ; and 

renrH>ving said second r sist pattem together 
with said phase shifting material thereon to leav a 
phase shifting segment in a partial area of said open- 
ing. 

Emtx)diment8 of the present invention descrit)ed 
in greater detay hereinafter provide an improved 
phase shifting mask which can have a reduced pat- 
tem-fbrming area thereby decreasing the space 
required while preventing transfer of any unrequired 
pattem of a phase shifting fim oven when forming an 
isolated line (space) or a hole pattem. 

The emt>odlment8 of the present invention also 
provkle improved methods of manufacturing a phase 
shifting mask, which are capat>ie of minimising the 
number of requirsd steps, particuiariy by overcoming 
the necessity of executing a plotting step twice to 
obtain a mask of a desired structure. 

The inventkm will now be descrit>ed by way of 
example with reference to the accompanying draw- 
ings, throughout which like parts are referred to by lik 
references, and in which : 
. Figures 1 (a) and 1 (b) iOuatrate the . principle of a 

phase shifting exposure mask ; /h^t'* - 
. . V Figures 2(a) and 2(b).llustrate ej^einplary ^struc-. 
c&rriiturea;KOf .^prevkMJsiyrproposed- ^pbase^es^i^ngi.. .. 
pr rmasks^ rt 2 7 -. .si or? > rfsr>:}<: t(r)f;aa|. . .* 

■■. FIguredis a partially: sectorial perepectiyetview^^ 

of a work member prepared using the .mask ;<^. 

Figure 2(a) ; 

Figures 4(a) and 4(b) are plan views illustrating 
the structures of exemplary phase shifting masks 
according to embodiments of the present inven- 
tion ; 

Figures 5(a) to 5(c) and Figures 6(a) to 6(c) 
graphically show light intensity dii58ributk)ns 
according to embodiments of the present inven- 
tion ; 

Figures 7(a) to 7(0 illustrate sequential steps in 
manufacture of a first embodiment of the Inven- 
tion, with sectional views of a phase shiflihg mask 
during these steps ; 

Figures 8(a) to 8(0 similariy illustrate sequential 
steps for a second embodiment of the vivention ; 
Figures 9(d) to 9(0 similarly lUa^ate later 
sequential steps for a third embodunent of the 
invention, the earlier steps t>elng as shown in Fig- 
ures 7(a) to 7(c) ; 

Figures 10(a) to 10(0 illustrate sequential steps in 
manufacturing the phase shifting ma^ of a fourth 
embodiment of the invention ; 
Figures 11(d) to 11(0 illustrate the Uier st ps in 
manufacturing a phase shifting masic according to 
a fifth embodiment of the inv ntioo, the earlier 
steps being as shown in Figures iOrai to 10(c) : 
and 

Figures 12(0 and 12(g) illustrate the Later steps in 
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manufacturing a phase shifting mask according to 

a sixth mt>odim nt of th inv ntlon, the artier 

steps being as sh wn in Figures 10<a) to 10(e). 

As illustrated in Figures 4(a) and 4(b), phase shift- 
ing masks embodying the present inventton each 
comprise a transparent region 20 (transparent with 
respect to exposure tight) and a light shielding region 
10. The transparent region 20 has a light transmitting 
segment 1 2 for directly transmitting the exposure light 
therethrough, and phase shifting segments 11, 11a, 
11b for transmitting the exposure light therethrough 
with a phase- difference from the light transmitted 
through the light transmitting segment 12. The light 
shielding region 10 is formed so as to be adjacent at 
least the phase shifting segments 11.11a,11borthe 
light transmitting segment 12. The light transmitting 
segment 12 may be composed so as to permit trans* 
mission of the exposure light without any phase shift 

In both the exampies of Figures 4(a) and 4(b). the 
light shielding region 10 is positioned adjacent the 
phase shifting segments 11, 11a, 11b. However, the 
an^ngement may be modified so that the light shield- 
ing region 10 is adjacent the light transmitting seg- 
ment 12. More specifically. In the example of Figure 
4(a), two rows of phase shifting segn)entS'11a,i11b 
are formed adjacent respective aMee ofia-Jight trans* 
mitting segment 12^corresponding toari^lsolated line 
(space) pattern, and the phase shifting segmlents^ 1 a, 
lib are poslttoned adjacent 'the ^surraiundlrig^^^ 
shielding region 10. However, the atxsve'arrangement 
may t>e modified so that a phase shifting segment of 
a shape corresponding to a desired pattern may t>e 
formed at the centre, and rows of light transmitting 
segments may t>e formed on respective skies of the 
phase shifting segment region, in such a manner that 
the light transmitting segments and the light shielding 
regk)n 10 adjoin mutually. 

Further, in the example of Figure 4(b), a phase 
shifting segment 11 is formed adjacent a light trans- 
mitting segment 12 which corresponds to a desired 
hole pattem, in a manner to surround the four sides 
of the light transmitting segment 12, and the phase 
shifting segment 1 1 adjoins the peripheral light shield- 
ing region 10. However, this arrangement may be 
modified so that a phase shifting segment of a shape 
corresponding to a desired hole pattem is formed at 
the centre, while a light transmitting segment is for- 
med in a manner which surrounds the phase shifting 
segment, and the light transmitting segment and the 
light shielding segment 10 adjoin mutually. 

Regarding the exemplary structures fllustrated in 
Figures 4(a) and 4(b), the same phase shifting effect 
can be attained even in each of the modifications 
wher the phase shifting segm nts 1 1. 1 1a, lib are 
positionally interchanged with the light transmitting 
segment 12. This will be easily understood from the 
principle of a phase shifting mask, namely that the 
phas s of mutually proximat light t>eams cancel 



each oth r thereby enhancing the resolution. 

In embodying the pres nt invention, a transpa- 
rent region 20 on a mask is generally divided int two 
mutually adjacent segments, and these segments ars 

5 composed so as to cause a phase difference between 
exposure light transmitted therethrough. The effect 
thereby achieved is optimised when the phase differ- 
ence is 180*. 

In the present phase shifting technk^ue, the light 

10 transmitted through the periphery of the central area 
(light transmitting segment 12 in Figures 4(a) and 
4(b)) of the transparent regkin 20 is cancelled by the 
tight transmitted through the outer difference-phase 
areas (phase shifUng segments 11. 11a, lib in Fig- 

15 ures 4(a) and 4(b)), so that the intensity of the fomier 
light is rendered lower than the intensity obtained In 
a different structure where the central area (light 
transmitting segment 12) atone is present Therefore, 
the resultant pattem becomes considerably smaller 

20 as compared to the pattem exposed and transferred 
in the structure where merely the central area (light 
transmitting segment 12) is present For this reason, 
the central area Qlghi transmitting segment 12) is for- 
med to l>e greater than the size.of .the desired pattem 

25 to be obtained so that it becomes possible to transfer 
a pattemof the desired sfaui.AlsOrtheTesolutJon of the 
pattern thus obtained<)can berenhancedKdue to the 
effect of tfiOrPhase shifting pcDce8s;s p -«fTrxs9 

tn an exemplary tcaster ofrtransfening a contact 

30 hole pattem by the use of the alKave-described struc- 
ture, the fdlowtng effects are attainat)le. This example 
represents a case in which there is fonned a contact 
holeofa0.15•^m square l}y using a KrF excimer laser 
(light wavelength 248 nm). 

35 According to a previously-proposed exposure 

mask obtained merely with a pattem of a 0.35- |im 
square transparent regton without employment of the 
phase shifting technk)ue, the light intensity distritMj- 
tion on a wafer or a similar work member to t>e exp- 

40 osed twcomes as graphically shown in Figure 5(a). In 
the case of using another prevk>usly-proposed mask 
as shown In Figure 2(b) which utilises the phase shift- 
ing technk^ue, the light kitensity is increased as 
graphically shown in Figure 5(b). However, since a 

45 sut>-space (Figure 2(b)) constituting a phase shifting 
segment 1 1 akine has a light intensity to a certain deg- 
ree, its pattem may possibly t>e transfen-ed as well. In 
contrast to this, when the mask of Figure 4(b) is 
employed, the light intensity can be increased sol ly 

50 in the hole area as graphically shown In Figure 5(c). 

In Figures 5(a) to 5(c), the light intensiti s d note 
the results of calculattons, and the values thereof are 
indk:ated by equt-intenslty curves on the exposure 
surfece. In each diagram, th abscissa and rdinate 

55 represent lengths in ^m. 

As wll be apparent from th comparison of the 
diagrams of Figures 5(a) to 5(c), If the central area 
(light transmitting segment 12 of Figure 4(b)) f the 
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transparent region 20 in the present emlx)diment of 
Figur 5(c) is form d to t>e a 0.46- square and the 
peripheral opening is formed to t>e a 0.70- nn% square, 
th n substantially the same light intensity dtstritMJtion 
as that of Figure 5(b) can be obtained. 5 

Thus, according to the present phase shifting 
mask technique, the space can be minimised without 
inducing transfer of any unrequired pattern, hence 
ensuring a high resolution. 

Each of Figures 6(a) to 6(c) graphlcafly shows the io 
light intensity distribution obtained on an exposed 
work membfir such as a wafer by the use of a KrF 
excimer laser in transfening an isolated line pattern of 
0.25 ^m in wklth. In these graphs, the abscissa rep- 
resents length in ^m, and the ordinate represents an is 
absolute value of the light intensity on the exposed 
work member with the irradiatad light regarded as 
unity. 

Figure 6(a) graphically shows the result obtained 
relative to a previously-proposed mask without using 20 
the phase shifting technk|ue, wherein the light inten- 
sity distribution la on the exposed work member is 
curved in confonnity with the irradiated light lla pas- 
sed through the light transmitting segment of the 
mask. The maximum light Intensity in the distribution 25 
la on the exposed woik member was 0.5299. 

Figure 6(b) graphically ahows the result obtained 
by a prevkMJSly-proposad phase shifting mask 
according to Figure 2(a); The Intensity distribution Ibl 
of the pattern exposure light corresponding to the so 
irradiated light llbl through the light transmitting seg- 
ment 12 in Figure 2(a) indicatas a major maximum in- 
tensity of 0.6640. However, a sub-peak is generated 
in the intensity distribution Ib2 of the tn^diated light 
Ilb2 through the phase shifting sef^nt 11. and its 35 
maximum value of 0.2902 is considerable. This sig- 
nifies that the possibOify of transfer of an unrequired 
pattern is high. 

In contrast therewith, the result obtained relative 
to the embodiment of Figure 4(a) is graphically shown 40 
in Figure 6(c). wherein the light Intensity disviDution 
Id on the exposed work memt>er corresponding 10 
the irradiated light llcl through the light transmitting 
segment 12 in Figure 4(a) indicates a maji«mum inteo. 
sity of 0.6786 which is greater than any of the previous 4$ 
values. It is further apparent that substantially no peak 
is generated in the phase shifting segments n a. lib 
of Figure 4(a) corresponding to the irraorated /ignt 
Iic2. hence preventing transfer of any unre^yired pat- 
tern. 50 

Various methods of manufacturing pnase shifting 
masks, such as those of Figures 4(a) and 4<d). will 
now be descrit)ed. 

A first emtxxitm nt compMises the following steps 
as illustrated in Figures 7(a) to 7(0. An opening is pro- 55 
vkjed in a light shielding layer to form a light shielding 
pattern, and then the light shielding pattern is proces- 
sed by side-etching while being marked with a photo- 



resist to form a light shielding regk>n of the phas 
shifting mask. 

Further detals of this embodiment will now be 
described with reference to Figures 7(a) to 7(0. In this 
embodiment a film of a material having light shielding 
properties (for example, chromium or any other ma- 
terial such as a heavy metal or oxide thereof suited to 
shield exposure light) is formed as a light shielding 
layer IO' on a substrate 1 (of silicon dioxkje or the like) 
having light transmitting properties ; and a photoresist 
2' is formed as a film on the light shielding layer 10' 
by coating or the like thereby to produce a structure 
as shown In Figure 7(a). 

Subsequently an electron beam (EB) plotting 
step is executed, and the photoresist 2' Is patterned 
thereby to form a resist pattern 2 with a resist opening 
21. as ilustrated in Figure 7(b). 

In the next step, a light shielding pattern 1 0b with 
an opening 10a is obtained by the normal technique 
of photolithography whie being masked with the res- 
ist pattern 2, as Illustrated in Figure 7(c). Since the 
opening 10a corresponds to the phase shifting seg— 
ment 12 (see Figure 7(0) of a final desired structure, 
both the opening 10a and the resist opening 21 are 
fonmed in conformity therewith. 

Thus, the resist pattern 2 is obtained by EB-plot- 
tlng and devetoptng the resist 2*; and the light ahleid- 
ing layer 10* is patterned by etching or the tike whU 
being masked wHh the resist pattern 2. Untn ttiis 
stage, the processing steps are the same as those 
adopted in manufacture of an ordinary reticle, and 
therefdre known techniques may be employed. 

Subsequently in this emt)Odiment. the substrate 1 
is etched whIe being masked directly with the resist 
pattern Z wheret»y a recess la is formed in the sut>- 
strate as illustrated in Rgure 7(d). The etching deptti 
d (depth of the recess la) is selectively determined as 
d = X/2(n-1) where X denotes the wavelength of light 
employed for exposure, and n denotes the refractiv 
index of the substrate 1 to the exposure light Th 
phase shifting effect is nrtaximised when the at>ove 
condition is satisfied. 

Subsequently, the light shielding pattern 10b is 
side-etched while t>eing masked with the resist pat- 
tern 2, whereby a structure as shown in Figure 7(e) is 
obtained, with a light shielding regk>n 10 in which the 
light shielding pattern 10b is partially etched on both 
sides of the recess 1 a in the substrate 1 . Portions 10c. 
lOd are removed from the light shielding pattern 10b 
by the etching in this step. 

In the atMve process. *skje etching* signifies 
etching in a lateral directton (leftward-rightward lateral 
direction in the drawing) orthogonal to th depth of the 
light shielding pattern 10b (upward-d wnward vertical 
direction in the drawing). Such side etching can be 
executed with a suitable agent which causes an ero- 
sive action on the material of th light shi Iding pat- 
tern 10b. For example, the side etching can be 
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effected in a wet etching mode with a select d etching 
liquid which m ts th above requirement Since th 
side-etched portions 10c. lOd correspond to the light 
transmitting s gm nts 11a, lib respectively as ilfus- 
. trated in Figure 7(e), the amount of such etching is 5 
determined in conformity with the desired size. 

Finally, the resist pattern 2 is removed to produce 
a phase shifting mask structure as shown in Figure 
7(f), which comprises a transparent region 20 with 
respect to exposure light and a light shielding region 10 
10 for shielding the exposure light, wherein the trans- 
parent region 20 has light transnittting segments 11a. 
1 lb for directly transmitting the exposure light theret- 
hrough, and the phase shifting segment 12 for trans- 
mitting exposure light therethrough with a phase 1$ 
difference from the light passed through the light 
transmitting segments. 

The plan-view constitution of the phase shifting 
mask may be shaped into a contact hole pattem as 
shown in Figure 4{b) or a line (space) pattem as 20 
shown in Figure 4(a). 

According to the method described above, a des- 
ired structure can be achieved with only a single plot- 
ting step (Figure 7(b)), which step requlras the highest 
prectsk>n and the longest tima. 25 

In a second embodlmant oomprising the steps 
shown In Figures 8(a) to 8(0. a light shielding layer 10' 
is fbrmed of chromium or the Ilka on a substrata 1 (of 
quartz, ayioon dioxkJe or the Ilka) having light transmit- 
ting properties, as llustrated in Figure 8(a). The thk:k- so 
ness of the light shielding layer 10* is selectively 
detenmined to be greater than the thickness of a light 
shielding region 10 which is to be finally obtained. A 
resist 2* is fbmned on the light shielding layer 10* by 
coating or the like to produce the atrudure shown in 35 
Figure 8(a). 

Subaequenify, a ptotting atap Is executed, and 
then the resist 2' is exposed and developed to form a 
resist opening 21. thereby producing a resist pattem 
2 as aiustrated in Figure 8(b). 40 

Thereafter, the light shielding layer 10* is anisot- 
ropically etched while being masked with the resist 
pattem 2, whereby an opening 10a is foaned in the 
light shielding layer to obtain a structure as shown in 
Figure 8(c). Since the opening 1 0a corresponds to the 45 
phase shifting segment 12 (see Figure 8(0) in a des- 
ired final structure, botti the opening 10a and the res- 
ist opening 21 are formed to have proper dimensions 
conforming therewith. 

Subsequently, the substrate 1 is anisotropicaily 50 
etched while being masked with the resist pattem 2. 
ttiereby obtaining a structure as shown in Figure 8(d). 
having a substrate recess la. Since this recess la 
serves as the phase shifting segment 12. ttie deptti d 
thereof in this embodiment is selected so as to be 55 
equal to that of the substrate recess la in the first 
embodiment of Figures 7(a) t 7(f). so as to maximise 
the phase shifting effect 



The resist pattem 2 is then removed in order to 
attain a state as illustrated in Figure 8(e). 

Next isotr pw etching is executed to remove the 
light shielding layer in the periphery of the recess la. 
thereby producing a structure as shown in Figure 8(0. 
The isotropic etching may be carried out by any 
means capable of isotropically etching the light shield- 
ing material, aruJ a wet etching means may be 
employed. As the portk>ns to be removed by such iso- 
tropic etching serve as the light transmitting segments 
11a, 11b, the required amount of etching is deter- 
mined in conformity therewith. 

By ttie usa of a single plotting step, ttie phase 
shifting mask structure of Figure 8(0 can be obtained, 
comprising a transparent region 20 (transparent with 
respect to the exposure light) and a light shielding reg- 
k)n 10 for shieMing such exposure light wherein the 
transparent region 20 has light transmitting segn>ents 
11a, lib for direcdy transmitting the exposure light 
therethrough, and the phase shifting segment 12 for 
transmitting tha exposure light therethrough with a 
phase difference from the light passed through the 
light transmitting segments. 

In oompariaon with the first and second embodi- 
ments shown in Figures 7(a) to 7(0 and Figures 8(a) 
to 8(0 in which segments for causing a phase differ- 
ence between light rays transmitted therethrough are 
fbrmed by paitiaily changing the thickness of ttie sub- 
strata 1, a third embodiment shown in Figures 9(d) to 
9(0 is arranged so as to form a proJectk>n 42 on the 
substrate 1. tha projection 42 t>eing formed from a 
suitable material having a phase shifting effect whe- 
rein the projection is used as the phase shifting region 
12 (see Figure 9(0). 

In manutectura of this embodiment the same 
steps as thosa for the first embodiment are executed 
in an early stage. More spedficaHy. ttie steps of Fig- 
ures 7(a) to 7(c) are initially performed ; accordingly 
a detafled description of ttiese steps will not be given 
here. After tfie step of Figure 7(c). first the light shield- 
ing pattem 10b is side-etched to obtain a structure as 
shown in Figure 9(d) ¥fllh portions 1 0c. 1 0d where the 
light shielding layer has been removed. Thus, in con- 
trast with the TifBt emtMxJiment in which the substrate 
1 is etched, such etching is not executed in the third 
embodiment and side etching is started Immediately. 

A suitable material having a phase shifting effect, 
such as silicon dioxide. Is ttien evaporated by means 
of chemical vapour deposition (CVO) or the like, 
thereby fonning ttie projection 42 of phase shifting 
material of a size corresponding to a resist opening 21 
in th resist pattem 2, as Hlustrated in Figure 9(e). 
SimultaneoJsly therewitti, a film 41 of phase shifting 
material Is fbnmad n the resist pattem 2 as well. 

Witti subsequ nt removal of th resist pattem 2. 
the flm 41 is also removed, consequently providing a 
phase shifting mask structure as shown in Rgurs 9(0 
which compriaas a light shielding regton 10 and a 
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transparent region 20 having a phas shifting seg- 
ment 12 compos d of the phase shifting project! n42 
and th light transmitting segments 11a. 11b fomied 
by the side etching step. 

In this emtxxjiment also, merely a single plotting 
step is sufficient, as in the previous emt>odiments. 

A description will now t>e given of another method 
of producing a phase shifting mask structure simiar to 
the above, although the following examples are less 
advantageous than the first second and third emt)o- 
diments since the plotting step needs to be executed 
twice. 

In a fourth emtwdiment, as ilustrated in Figure 
10(a). a light shielding film IC is formed on a trans- 
parent substrate of quartz or the like by evaporation 
of a light shielding material such as chromium, and a 
resist film 2' is formed thereon. Subsequently, an 
opening 21 of a size corresponding to a desired trans- 
parent region 20 (see Figure 10(c)) is formed in the 
resist film 2' by normal photolithography thereby 
btaining a resist pattern 2 (Figure 10(b)). 

The light shielding film 10' is partially renx>ved by 
etching or the lice while being masked with the resist 
pattern 2. and then the remaining resist pattern is 
removed to produce a structure as shown in Figure 
10(c) which includes a light shielding region 10 and a 
transparent region 20. 

Thereafter, a further resist 3' is formed over the 
entire surface as illustrated in Figure 10(d). 

In the next step, an opening 31 of a size corre- 
sponding to a desired light transmitting segment 12 is 
formed in the resist 3' to provide a resist pattern 3 as 
illustrated in Figure 10(e). 

The substrate 1 is partially etched while t>eing 
masked by the resist pattern 3 so that, as ilustrated 
in Figure 10(0. the central portk^n of the transparent 
regk>n 20 becomes reduced in thickness. This central 
portion serves as a light transmitting segment 12, and 
its two sides serve as the phase shifting segments 
11a. lib. 

Thus, in this embodiment, the phases of the trans- 
mitted light beams are rendered mutually different by 
partially changing the thickness of the substrate 1. 
thereby forming the light transmitting segment 12 and 
the phase shifting segments 11a. lib. 

In a f(fth emtx3diment shown in Figures 11(d) to 
1 1(0. the steps up to and including forming the light 
shielding region 10 and the transparent region 20 are 
the same as those in the fourth embodinr>ent as shown 
in Figures 10(a) to 10(c). Thereafter, as illustrated in 
Figure 11(d), a layer 4' having a phase shifting effect 
is formed over th surface, and a resist film 5' is for- 
m d thereon. An opening 51 corresponding t a light 
transmitting region 12 (Figure 11(0) is then formed in 
the resist film 5' by photolithography to produce a res- 
ist pattern 5 as shown in Figure 1 1 (e). The material 4' 
having a phase shifting effect is patterned by etching 
or the like while t>eing masked with the resist pattern 



5. Subs qu ntly, the resist pattern 5 is removed to 
produce th structure of Figure 1 1 (0- In this structure, 
a projection 4 of the phas shifting material 4' is for- 
med in a thickness d on each side of the transpar nt 
5 regk>n 20 to serve as a phase shifting maslc The por- 
tions where such projection 4 is present on the trans- 
parent region 20 are used as phase shifting segments 

I la. lib, whie any other portion of the transparent 
reg»n 20 is used as a light transmitting segment 12. 

10 The thiclcness d of the projection 4 is selected so 

as to be optimal for attaining a desired phase shift For 
example, the thickness d determined according to the 
aforementioned equation is selected to cause a 
phase shift of 180^. 

15 In this embodiment, the phase shifting segments 

11a. lib are composed of a phase shifting fim as 
described at>ove. Materials suited for the film may 
include, in additton to silicon dk>xide. organic mate- 
rials such as pdyimkje resin or resist material, or inor- 

20 ganic materials such as silicon nitride. It is also 
possitMe to use any material that can be processed so 
as to finally become siicon dioxkje by baking, such as 
SOG. 

In a sixth embodiment, the eariy steps corre- 
25 spond to those of Figures 10(a) to 10(e) of the fourth 
embodiment, such that the structure of Figure 1 0(e) is 
obtained with a resist pattern 3 formed on a light 
shielding region 10. Sut>sequent!y. a material having 
a phase shifting effect is deposited as illustrated in 
30 Figure 1 2(0. whereby a projection 6 of the phase shift- 
ing material is formed in the portion of the transparent 
regkin 20 of the substrate 1 not covered with'the resist 
pattern 3. Simultaneously, a film 61 of the phase shift- 
ing material is formed on the resist pattern 3 as well. 
35 The resist pattem 3 is then removed sucn that as 

Illustrated in Figure 12(g), a phase shifting segment 

I I composed of the projection 6 is formed at the cen- 
tre of the transparent region 20. and l«ght transmitting 
segments 12a, 12b are formed on both sides of the 

40 segment 11. in this stage, the film 61 ct ine phase 
shifting material deposited on the restsl pattern 3 in 
the step of Figure 12(0 ^as already been removed 
together with the resist pattem 3. 

In comparison with the fifth embodirneni of Fig- 

45 ures 11(d) to 11(0 in which the light iransmJMing seg- 
ment 12 is formed at the centre of \ht transparent 
regk>n 20. the sixth embodiment involves a process in 
reverse whereby the phase shifting segment 1 1 is for- 
med at the centre of the transparent resKsn 20, and its 

50 two skjes are used as the light transmltttng segments 
12a. 12b. 

The thickness d and the maiena) of the oroj ction 
to be used as a phase shifting segment can be th 
same as those in the fffth embodiment « 

55 
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Claims 

1 . A phase shifting mask comprising, on a substrate 
(1 ), a transparent region (20) which is transparent 
to exposure light and a light shielding region (10) 
for shielding the exposure light, said transparent 
region (20) having a light transmitting segment 
(12) for directly transmitting the exposure light 
therethrough and a phase shifting segment (1 1 ; 
11a, lib) for transmitting the exposure light 
therethrough with a phase difrerenca from the 
light trarismltted through said light transmitting 
segment (12), 

characterised in that said light shielding 
region (10) is fomied adjacent at least said phase 
shifting segment (11 ; 11a, lib) or said light 
transmitting segment (12), and said phase shift* 
ing segment (11 : 11a lib) and said light trans- 
mitting segment (12) are formed adjacent each 
other. 

2. A phase shifting mask according to daim 1 • whe- 
rein said phase shifting segment is a recess (la) 
formed in said sut>strate (1). 

3. A phase shifting mask according to daim 1 , whe- 
rein sakJ phase shifting segment is a projection 
(42) formed on said substrata (1). 

4. A phase shifting mask according to daim 3, whe- 
rein said projection (42) is composed of SiOj. 
polyimide resin, Si3N4, SOG or photoresist ma- 
terial. 

5. A method of manufacturing a phase shifting 
mask, the method comprising the steps of : 

forming a tight shielding layer (1O0 on a 
substrate (1) ; 

fomiing a photoresist (2*) on said light 
shielding layer (10') ; 

patterning said photoresist (2') to fomn a 
resist pattern (2) ; 

forming an opening (10a) in said light 
shielding layer (10') by the use of said resist pat- 
tern (2) as a mask, therel>y fomiing a light shield- 
ing pattern (10b) ; 

etching said substrate (1) anisotropically 
to fomi a phase shifting segment (la): 

side etching said light shielding pattern 
(10b) to fomi a light shielding region (10) ; and 

removing sakl resist pattern (2). 

6. A method of manufacturing a phas shifting 
mask, the method comprising the steps of : 

fonning a light shielding layer (100 on a 
substrate (1) ; 

forming a photoresist (2') on said light 
shiekitng layer (10*) ; 



patterning said photoresist (2') to form a 
resist patt m (2) ; 

forming an opening (10a) in said light 
shielding layer (1 0') by the use of said resist pat- 
5 tern (2) as a mask, thereby fonning a light shield- 

ing pattern (10b) : 

etching sakj substrate (1) anisotropically 
to fomi a phase shifting segment (la) ; 

renrtoving said resist pattern (2) : and 
10 etching said light shielding pattern (10b) 

isotropically to form a light shielding regk)n (10). 

7. A method of manufacturing a phase shifting 
mask, the method comprising the steps of : 
IS forming a light shiekiing layer (10*) on a 

substrate (1); 

forming a photoresist (2*) on said light 
shielding layer (10*); 

patterning saM photoresist (2*) to fomn a 
20 resist pattern (2) ; 

forming an opening (10a) in said light 
shielding layer (iO*) by the use of saM resist pat- 
tern (2) as a mask, theretiy fbnnlng a light shield- 
ing pattern (10b) ; 
25 skle etching sakJ light shielding pattern 

(10b) to form a light shielding regk>n (10) ; 

depositing a phase shifting material In sakl 
opening (10a) by the use of saM resist pattern (2) 
as a mask ; and 
30 removing saM resist pattern (2) together 

with phase shifting material (41) thereon to form 
a phase shifting segment (42) in said opening 
(10a). 

35 8. A method of manufacturing a phase shifting 
mask, the method comprising the steps of : 

forming a light shielding layer (lO') on a 
sut>strate (1) ; 

fonning a photoresist (2*) on saM light 
40 shielding layer (10') ; 

patteming said photoresist (2') to form a 
first resist pattem (2) ; 

forming an opening (20) in said light shield- 
ing layer (Ky) by the use of said first resist pattem 
45 (2) as a mask, thereby forming a light shielding 

pattem (10) ; 

removing said first resist pattem (2) ; 
forming a photoresist (3') on said light 
shielding pattem (10) and sakj opening (20) ; 
50 removing said photoresist (3') partially 

from said opening (20) thereby forming a second 
resist pattern (3) ; 

anisotropically etching said substrate (1) 
in a partial area (31) of said opening (20) thereby 
55 forming a phase shifting regk>n (1 1 a. 1 1 b) ; and 

removing said seoond resist pattem (3). 

9. A method of manufacturing a phase shifting 
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mask, th method comprising the steps of : 

fomiing a light shielding lay r (10') on a 
substrat (1); 

f iming a photoresist (2') on said light 
shielding layer (1 0') ; $ 

patterning said photoresist (2') to fomi a 
first resist pattern (2) : 

forming an opening (20) in said light shield- 
ing layer (1 0') by the use of said first resist pattern 
(2) as a mask, thereby fonming a light shielding io 
pattern (10) ; 

removing said first resist pattern (2) ; 

forming a layer (4') of a phase shifting ma- 
terial on said light shielding pattern (10) and said 
opening (20) ; is 

forming a photoresist (5') on said layer (4') 
of the phase shifting material ; 

removing said photoresist (50 in such a 
manner as to leave a second opening (51) wh;ch 
is posttk>ned over and is narrower than the first- 20 
mentioned opening (20), thereby fomning a sec- 
ond resist pattern (5) ; 

anisotropicaliy etching sakJ layer (4') of the 
phase shifting material by the use of said second 
resist pattern (5) as a mask, thereby forming a 25 
phase shifting region (4) ; and 

removing sakl second resist pattern (5). 

10. A method of manufacturing a phase shifting 

mask, the n^ethod comprising the steps of : 30 

forming a light shielding layer (10') on a 
substrate (1) ; 

forming a photoresist (2') on said light 
shielding layer (IO') ; 

patterning said photoresist (2') to form a 99 
first resist pattern (2) ; 

forming an opening (20) in said light shield- 
ing layer (1 0*) by the use of said frst resist pattern 
(2) as a mask, thereby forming a light shielding 
pattern (10): 40 

removing sakj first resist pattern (2) ; 
forming a photoresist (3') on said light shielding 
pattern (10) and said opening (20) ; 

removing said photoresist (3*) partially 
from said opening (20) thereby forming a second 45 
resist pattern (3) ; 

depositing a phase shifting material in said 
opening (20) partially by the use of said second 
resist pattern (3) as a mask ; and 

removing said second resist pattern (3) 50 
together with said phase shifting material (61) 
thereon to leave a phase shifting segment (6) in 
a partial area of sakl opening (20). 

55 
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FIG. 5(a) 
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FIG. 6 (a) 



2.O0O 

I.600 
1.400 
L200 
1.000 
0.800 
0.000 
O.400 
0.2OO 
0.000 







max 0^299 






—no 


/ 







-0-900 



-0.700 -OJOO O.lOO MOO OSOO 



FIG. 6(b) 



2.0OO 

taoo 

1.600 < 
1.400' 
L200 
1.000- 
0.800 

o.eoo 

0.400 « 
0.200 

o.ooo-* 



Ub2 



V 



lb2- 




moi 0.6640 
sub- peak 0.2902 



Ibl 



A- 



•Ibt 



V/ 



•Ib2 



-0.900 -Q300 -O.IOO O300 0.700 

-aroo ^00 0.100 0.500 



a9oo 



FIG. 6(c) 



2.000 

i.aoo 

t.eoo 
1. 4 00 
1.200 
1.000 
o.eoo 
0.600 
0.4 00 

0.200 

0000 




-0.900 .0.300 ojoo 0300 oroo 

-0700 .OJOO 0.100 O.SOO 



0.900 



17 



EP 0 437 376 A2 




18 



EP 0 437 376 A2 



FI6.7(cl) 



lOa 




2 

lOb 
I 



FIG. 7(e) 



lOc 12 lOd 

y Ma / lib 




la 



20 



ilo 12 lib 



FI6.7(f) 



V77777^ \o 




19 



r 



EP 0 437 376 A2 



FIG. 8(a) 
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FIG. 10(a) 
FIG. 10(b) 

FIG. 10(c) 
FIG. 10(d) 
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FIG. 12(f) 
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